Introduction
Stiffened plates are used as main supporting members in many civil as well as marine structural applications. They typically consist of a plate with equally spaced stiffeners welded on one side, often with intermediate transverse stiffeners or bulkheads. The most common stiffener cross-sections are bulb, flat bar or T-and L-sections. Such structural arrangements are common for both steel and aluminium structures.
Due to HAZ effects, aluminium alloys are more sensitive to welding in comparison with steel, and multi-stiffened plate panels build with direct welding of stiffeners to the plate exhibit less strength under in-plane loads.
However, developments in extrusion technology have opened up opportunities for new designs in aluminium. Here, panels fabricated from extruded aluminium elements welded by improved welding methods (such as STIR welding) have led to significant improvements in geometric tolerances, increased structural efficiency and reduced costs. These extruded elements may contain one or more stiffeners in their structure.
Aluminium panels have been used in a variety of marine structures, with applications such as hull and decks in high-speed boats and catamarans and superstructures for ships. Other applications are box-girder bridges, and walls and floors in offshore modules and containers. These panels are primarily required to resist axial compressive forces, even though transverse loads and in-plane shear forces may in general interact. rotation about z-axis U displacement along x-axis V displacement along y-axis W displacement along z-axis {R} load vector [K] conventional stiffness matrix {D} vector of nodal displacements and rotations
Compared to steel, relatively little experience has been accumulated for large aluminium structures, and the existing design recommendations for aluminium panels are to a large extent based on experience from steel structures. This means that the effect of improved tolerances and the possibility of more efficient stiffener designs are not adequately taken into account in the design recommendations. On the other hand, the alloy-dependent material properties and the possibly detrimental effect of welding may not be adequately represented in the codes.
The ultimate strength of stiffened steel plate panels has been the subject of many investigations, both experimentally [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] and numerically [12] [13] [14] [15] [16] [17] [18] [19] , with the most significant contributions in the field of ship structures and bridges. The literature on stiffened aluminium panels is more limited. Clarke [20] reports on buckling tests on an aluminium AA5083 plate with welded T-bar and flat bar stiffeners. His experimental programme comprised eight compression tests on panels with different plate and stiffener sizes, with buckling over two spans as the failure mode. The ultimate strength of stiffened aluminium AA6082-T6 plates under the axial compression was investigated by Aalberg et al. [21, 22] using numerical and experimental methods. Kristensen and Moan [23] demonstrated numerically the effect of HAZ and residual stresses on the ultimate strength of rectangular aluminium plates (AA5083 and AA6082) under the bi-axial loading of plates. Some initial experimental and numerical simulations on torsional buckling of flatbars in aluminium panels have been also presented by Zha and Moan [24] [25] [26] . Hopperstad et al. [27] carried out a study with the objective of assessing the reliability of non-linear finite element analyses in predictions on ultimate strength of aluminium plates subjected to in-plane compression. Rigo et al. [28] made a numerical investigation to present reliable finite element models to study the behaviour of axially compressed stiffened aluminium panels (including extruded profiles). Also Paik and Duran [29] made a numerical study on some welded aluminium panels under in-plane compression and derived an empirical equation to estimate the ultimate strength of them.
Most of the aforementioned studies are just focused on the investigation of either buckling or ultimate strength characteristics of the stiffened aluminium plate panels. Also only the case of in-plane compression has been considered as applied loading condition of the stiffened plate panels. Postbuckling behaviour and strength of such stiffened panels under combined in-plane compression and lateral pressure have not been addressed yet to our knowledge. This paper presents the results of a numerical study following the activities carried out by the Committee III.1 ''Ultimate Strength'' of ISSC'2003. The main focus of the paper lies on the investigation of the post-buckling behaviour and strength characteristics of the aluminium multi-stiffened panels under combined axial compression and lateral pressure.
The finite element model proposed by the ISSC'2003Committee III.1 is applied in the present investigation. Material is aluminium alloy AA6082-T6 and the model is multi-stiffened. Stiffeners are of either extruded or non-extruded angle-bar profiles. An initial deflection is imposed on the model in a procedure similar to that applied by the Committee III.1. General purpose finite element code ANSYS is used for non-linear elastic-plastic analyses.
Main objectives are to study the influence of initial deflections and also HAZ on the post-buckling behaviour and collapse characteristics of aluminium stiffened panels under combined axial compression and lateral pressure. Lateral pressure on the multi-stiffened aluminium plate may have different levels. When the high-speed craft is floating on still water, hydrostatic lateral pressure acts on the multi-stiffened aluminium plates. Besides, when the craft is moving amongst waves, hydrodynamic or wave-induced lateral pressure acts on the structure under consideration. The analyses in this study have been made for different levels of lateral pressure which may correspond to either hydrostatic or hydrodynamic levels of lateral load.
Models for analysis

Structural arrangements and geometrical characteristics
A three-span plate with L-shaped stiffeners fabricated from aluminium profiles in alloy AA6082 temper T6, joined by welding, was considered for the finite element analyses by Rigo et al. [28] .
The same model was considered in the present investigation. The dimensions of the initial model are shown in Fig. 1 with the XYZ coordinate system and the U-V-W corresponding displacements.
Rigo et al. performed a detailed benchmark study on the ultimate strength of stiffened aluminium plates under in-plane compression [28] . The target of their benchmark study was to present reliable finite element models to study the behaviour of axially compressed stiffened aluminium plates (including extruded profiles). Main objectives were to compare codes/models and to perform quantitative sensitivity analysis of the ultimate strength of a welded aluminium plate on various parameters (typically the heat-affected zone).
Finite element code and adopted elements
The commercial finite element code ANSYS [30] is used for all analyses. Among the elements inside the library of ANSYS, the SHELL43 elements were selected in order to discretise the stiffened plate models. SHELL43 is well suited to model linear, warped, moderately-thick shell structures. The element has six degrees of freedom at each node: translations in the nodal x, y, and z directions and rotations about the nodal x, y, and z axes. The deformation shapes are linear in both in-plane directions. For the out-of-plane motion, it uses a mixed interpolation of tensorial components. The element has plasticity, creep, stress stiffening, large deflection, and large strain capabilities [30] .
Mechanical properties of material
The material used in the study is aluminium alloy 6082-T6 and its mechanical properties are given in Table 1 . The average stress-average strain curve of this alloy is shown in Fig. 2 . 
Boundary and loading conditions
In the present FE computations, as proposed by Rigo et al. [28] , the boundary conditions of the stiffened plates are assumed simply supported along the two longitudinal edges (unloaded), which are kept straight (constrained edges).
The loaded edges were restrained from rotation and an axial displacement was prescribed (W ¼ V ¼ 0 and restrained rotation q y ¼ 0, with U ¼ 0 on one side and U ¼ U* on the other side). At these two loaded edges, the stiffener cross-section remains plane as the stiffened plate was supported by stiff transverse frames. The two end frames (T1 and T4) were assumed perfectly rigid ( Fig. 1) and were modelled by thick transverse plates. Their dimensions were 1262.5 Â 71.8mm2 and thickness 10 mm. At the intermediate support locations, transverse plates were also provided, T2 and T3 with thickness of 3 mm (Fig. 1) . Then, the five longitudinal stiffeners were supported by the two intermediate and the two end plates (frames); the sideways deformation of the stiffeners not being allowed. This means that V is restrained at 4 points (V ¼ 0 at Y ¼ 0) in the main plate, along the symmetry axis (Fig. 3) . Also, unloaded longitudinal edges remain straight (V ¼ constant along these 2 edges). In order to simulate stiff transverse frames, the displacements (W) along Z of these four transverse plates were not allowed. W ¼ 0 was assumed for all the nodes at the intersection between the main plate and the four transverse support plates (Fig. 3) .
In case of pure in-plane compression, uniform in-plane displacement is imposed on one of the loaded edges while the other loaded edge is restrained against in-plane movement. When lateral pressure exists in addition to in-plane compression, first the lateral pressure is applied incrementally up to the relevant value and then uniform in-plane displacement is exerted on the model in an incremental way.
Initial imperfections
To consider the initial deflection of the model, the procedure described in the study of Rigo et al. [28] was adopted. Uniform lateral pressure was applied first on the stiffened plate model and a linear elastic finite element analysis was carried out. This analysis was repeated in a trial and error sequence of calculations so that the magnitude of maximum deflection of plate reached 2 mm (Fig. 4 ). The FE model with resulting deformation mode is adopted as the model for performing non-linear analyses under the action of longitudinal in-plane compression.
Analysed cases with respect to welding-induced HAZ
Five different cases as shown in Fig. 5 are considered for the analysis purposes. They are described with some details below: 
Tracing the average stress-average strain relationship
Calculation of the ultimate strength or limit load of a structural model is inherently a non-linear problem. In general, the non-linear behaviour admits a wide variety of phenomena, possibly interacting with one another and in most cases each difficult to calculate. In structural mechanics, types of nonlinearity include mainly the following Material nonlinearity, in which material properties are functions of the state of stress or strain. Examples are yielding or non-linear elasticity. Geometric nonlinearity, in which deformation is large enough that equilibrium equations must be written with respect to the deformed structural geometry. Also, loads may change direction as they increase, as when pressure inflates a membrane. There are some equation-solving techniques applicable to the above-mentioned non-linear equations. Reference may be made to Cook et al. [31] and Paik et al. [32] . Among such techniques are the following Newton-Raphson method Modified Newton-Raphson method Arc-Length method The non-linear responses of the present models are obtained using Newton-Raphson method. Both material and geometric nonlinearities are considered in the analyses.
Results and discussions
Post-buckling strength and behaviour under pure in-plane axial compression
Non-linear elastic-plastic finite element analysis is performed for all of the cases shown in Fig. 5 (described in Subsection. 2.6), under pure in-plane compression. Average stress-average strain relationships for all models in addition to their deflection modes and spreads of yielding at different steps of loading are obtained from such analyses and shown with details in Figs. 7-11. As can be seen from Figs. 7-11(a), the trend and accuracy of the average stress-average strain curves obtained based on the present analyses are in good agreement with those obtained by other researchers as quoted in ref. [28] . Table 2 represents a summary of all results regarding the ultimate strength of all models in comparison with the results of different researchers as reported in ref. [28] . Also a comparison of initial yielding stress values for different models under pure in-plane compression based on the results of present work is shown in Fig. 12 . Fig. 13 shows a comparison of the values of the ultimate strength of all models under pure in-plane compression based on the results of different researchers. The trends of average stress-average strain relationships for all models are compared with each other in Fig. 14 . In what follows, post-buckling behaviour and strength characteristics of all models are described in more details.
Model without HAZ
This model is analysed as a reference case for establishing a comparison basis for other practical cases. The model buckles at a stress level of 0.46s Y . Both plate and stiffeners are locally buckled in all spans simultaneously, Fig. 7(b) . Considering the difference in boundary conditions around local plate panels in the model, it can be well understood that the deflection modes of these plate panels would differ with each other. Local plate panels in the model exhibit four half-waves in their buckling mode. Such a buckling mode for all panels is gradually completed with growing of the applied force. Along with the buckling of plate panels, buckling of longitudinal stiffeners with three half-waves in each span and also that of transverse frames almost with one half-wave in each bay is observed.
Initial yielding of the model takes place when the applied stress reaches 0.54s Y . The onset of yield is appeared in the crest of lower buckling half-waves of the local plate panels and also to some extent in the junction points of longitudinal stiffeners and transverse frames. The model reaches its ultimate strength at the applied stress level of 0.64s Y . Fig. 7(c) shows how the local plate panels as well as the longitudinal stiffeners and transverse frames deflect in a simply-supported manner at the maximum load carrying capacity level of the model. Yielding is distributed evenly in the model. At the final step of calculation, Fig. 7(d) , the plasticity is accumulated in some parts while unloading takes place in some other regions.
Model A
Model A consists of softened heat-affected zones along the junction lines of longitudinal stiffeners and plate. Buckling occurs when the applied stress level reaches 0.45s Y , Fig. 8(a) . Local buckling of plate panels as well as buckling of longitudinal stiffeners and transverse frames are observed in the buckling mode of the model, Fig. 8(b) . Magnitude of torsional deformations in both longitudinal stiffeners and transverse frames in the central part of the model is much more than that in the surroundings of the model. Existence of softened heat-affected zones along stiffeners pronounces the simply-supported boundary conditions for the plate panels.
Yielding in the model members start at the stress level of 0.48s Y . When the applied stress reaches 0.56s Y , the state of the ultimate strength of the model is obtained. Less regularity in the deflection mode of all members consisting of plate panels, longitudinal stiffeners and transverse frames at the ultimate strength level is observed in comparison with the model without HAZ, Fig. 8(c) . At the final step of calculation, Fig. 8(d) , simply supported overall deflection of the whole model between transverse frames is observed, while unloading takes place in the stiffening members.
Model B
In model B, extruded longitudinal stiffeners are used. Therefore, there are four weld lines in the model. This causes the model buckle in a load stress equal to 0.45s Y , Fig. 9(a) . Buckling mode of the model consist of irregular half-waves in both plate and stiffening members, Fig. 9(b) .
With further increase in the magnitude of in-plane compressive load, the deflection mode of the model shows interesting characteristics. Yielding of the model starts at 0.48s Y , while its maximum load carrying capacity reaches at the stress level of 0.61s Y . At the ultimate strength state, Fig. 9(c) , four buckling half-wave in the surrounding panels of model are observed while in the central plate panels the number of buckling half-waves is equal to five. Existence of the heat-affected zone just in the middle of central panels leads to the reduction of their breadth. Thus, the effective aspect ratio of these panels reaches to five and finally five buckling half-waves are produced in them. At the final stage of calculation, Fig. 9(d) , an interesting overall deflection in the model is seen. This consists of semiclamped overall deflection of the model at the T1 and T4 locations, decrease in the magnitude of deflections of plate and its stiffening members between T2 and T3 frames and also local tripping of longitudinal stiffeners in neighborhood of T2 and T3 frames in the first and third spans (as shown in Fig. 9(d) by arrows) . Due to such a type of collapse mode, local plastic hinges are created in the location of arrows in Fig. 9(d) .
Model A þ C
Buckling of this model occurs at the stress level of 0.45s Y as shown in the average stress-average strain relationship, Fig. 10(a) . Plate panels as well as longitudinal stiffeners exhibit local deformations which differ somewhat with each other depending on the location in the model, Fig. 10(b) . Fig. 10(c) . At the final step of calculation, Fig. 10(d) , severe tripping of longitudinal stiffeners outside the middle span as well as accumulation of local plastic deformations in the middle span are observed while most of the model undergoes unloading. This is a new collapse behaviour in which plastic hinges are created in the stiffeners outside of middle span and in plate inside the middle span. As a result, it can be said that according to the mechanism of three hinge lines, the collapse of the whole model is experienced.
Model B þ C
More or less the same as explained for the model A þ C is observed for the model B þ C under pure in-plane compression. Buckling occurs at the stress level of 0.45s Y , Fig. 11(a) . Buckling mode of the model consist of magnified deflections of the plate and stiffening members especially in the middle span while the amplitude of such deflections outside the middle span takes a kind of uniformity, Fig. 11(b) . Yielding of the model is seen at the stress level of 0.47s Y . With further increase in the applied load, the model reaches its ultimate strength state at the stress level of 0.56s Y . Comparing this model with the model A þ C, more distribution of yielding throughout the model members is observed, Fig. 11(c) . The collapse characteristics of this model are more or less the same as those that were explained in the case of model A þ C. Local tripping of stiffeners, local accumulation of plasticity in the plate and unloading throughout the model are experienced with almost more intensities in such a case, Fig. 11(d) .
Summary
As is shown in Table 2 and Fig. 13 , the present results are in good agreement with those of the other researchers [28] . The agreement is observed between the values of the buckling strength, ultimate strength and also the trends of the average stress-average strain relationships. The existing discrepancies among these load levels are mainly due to the differences in both modelling and discretisation methods adopted by different researchers [28] .
Besides, it can be understood from Fig. 12 that the initial yielding stress for the case of model without HAZ is higher while that of the model B þ C is least. The initial yielding stress for other models lies in between these two extreme values. The same behaviour is confirmed for the initial yielding strain of these models.
Model without HAZ exhibits the largest ultimate strength value, Fig. 14. This is due to the fact that no welding exists in the model and as a result no softening in the junctions as well as in the plate areas is created. The least value of the ultimate strength is obtained for the model A þ C, Fig. 14 . In such a model there is a combination of both longitudinal and transverse heat-affected zones. The longitudinal heat-affected zones exist along the junction lines of longitudinal stiffeners and plate, while the transverse heat-affected zone lies along the transverse centre line of the whole model. Application of extruded stiffeners as in case of model B (Fig. 14) , leads to less reduction in the ultimate strength of the models in comparison with the reference case (model without HAZ). Model A shows a rapid decrease in the ultimate load carrying capacity of the structure under consideration. When adding transversal heat-affected zones to either model A or model B, resulting in models A þ C and B þ C, the ultimate strength as well as ultimate strain of the structure under consideration decreases significantly. Model B þ C shows a much better strength characteristics than the model A þ C, Fig. 14 .
The buckling strength of the models does not exhibit any significant sensitivity versus the weld locations and combinations, Fig. 14 . 
Post-buckling strength and behaviour under combined in-plane axial compression and lateral pressure
Figs. [15] [16] [17] [18] [19] show the average stress-average strain relationships of all models described before, under combined in-plane compression and lateral pressure. Also, the deflection modes and spreads of yielding for all models in such a loading condition are plotted in those figures. For a better understanding of sensitivity of the ultimate strength of all models when subjected to different magnitudes of lateral pressure in addition to the in-plane compression, Fig. 20 is prepared. Fig. 21 shows the ultimate compressive strength of all models under different levels of lateral pressure. In the following, the postbuckling behaviour and strength characteristics of these models under combined in-plane compression and lateral pressure are described in more details.
For a better understanding of what is discussed below, differences and similarities in the postbuckling behaviour of the analysed models under combined in-plane compression and lateral pressure are summarised in Table 3 .
Generally, when the lateral pressure of 5-10 m is applied on the multi-stiffened aluminium plate, it is yielded just under the action of lateral load before application of any in-plane load. Based on the obtained results, it can be stated that the multi-stiffened aluminium plate deflects in a clamped mode under pure lateral load. Fig. 15(a) shows reduction in ultimate compressive strength as well as ultimate strain of model without HAZ when the magnitude of lateral pressure is increased. The trend of average stress-average strain curves also represents a regular decrease in the buckling strength and in-plane stiffness of the model when the lateral pressure increases.
Model without HAZ
When the model is subjected to a water head of up to 10 m, the model without HAZ reaches the state of ultimate strength in a simply-supported mode, Fig. 15(b) . The larger the water head, the more irregular the buckling half-waves in both plate and stiffening members. The final collapse mode of the model under such magnitudes of lateral pressure has some different characteristics when compared with the case of pure in-plane compression. Unloading in the first and third spans together with concentration of plastic deformations in the middle span are outstanding features of the final collapse mode, Table 3 .
Under a high lateral pressure of about 15 m, the model reaches the state of the ultimate load carrying capacity at a clamped mode, Fig. 15(b) . The same mode is kept and followed until the final stage of collapse of the model. The longitudinal stiffeners almost experience collapse by accumulation of yielding in their ends as well as their mid-spans.
Model A
The average stress-average strain relationships obtained for model A under combined in-plane compression and lateral pressure show a similar trend to those for the model without HAZ, Fig. 16(a) . For such a model, when the lateral water head is up to 5 m (Fig. 16 (b) ), the model reaches the ultimate strength state at a simply-supported mode. At the final stage of calculation under these values of water head, the plate panels and stiffening members have buckling mode of deflection, although the regularity of the half-waves are affected by the lateral pressure, Table 3 .
With further increase of lateral pressure from 10 m above, the model reaches its ultimate strength state in a clamped mode, Fig. 16(b) . The collapse mode of the model under such magnitudes of lateral pressure includes almost entire collapse of longitudinal stiffeners as well as accumulation of plastic deformations in the middle span of the model. Fig. 17(a) shows significant reduction in buckling strength, in-plane stiffness, ultimate strength and ultimate strain of model B when the magnitude of lateral pressure is increased in addition to the in-plane compressive load. As it can be observed from Fig. 17(b) , apart from the case of pure in-plane compression, the simply-supported mode at the ultimate strength state and final collapse mode does not remain for much higher magnitudes of lateral pressure as was seen in the models without HAZ and A. For this model, the ultimate strength state as well as the final collapse takes place in the clamped Table 3 .
Model B
Model A þ C
The same strength and stiffness reduction characteristics as observed for model A are seen for the model A þ C, Fig. 18(a) . The ultimate strain-to-yield strain ratio of the model A falls in the interval of 0.33-0.55, while that of model A þ C lies in the interval of 0.33-0.40, Figs. 16(a) and 18(a) . For nonzero values of lateral pressure, the ultimate strength state of the model A þ C is attained when the middle span of the model collapses ( Fig. 18(b) ). In all values of the lateral water head, final collapse of the model takes place in clamped mode for first and third spans and folded mode for the middle span, Fig. 18(b) . The fold line of the model A þ C in its middle span coincides exactly with the transverse weld line of the model. The twisting angle of stiffeners as well as yielding of their flanges is more magnified with the increase in the water head. Existence of the transversal weld line in model A þ C does not change so much its ultimate compressive strength when compared with the model A, irrespective of the value of lateral pressure, Figs. 16 and 18(a) , Table 3 .
The same strength and stiffness reduction characteristics as observed for the model B are also experienced for model B þ C, Fig. 19(a) . The ultimate strain-to yield strain ratio of model B falls in the interval of 0.40-0.50, while that of model B þ C lies in the interval of 0.35-0.45, Figs. 17 and 19(a) . Postultimate strength regimes of the average stress-average strain curves for the model B þ C show almost the same trends. Folding mode of deflection in the middle span of the model around the transversal weld line together with clamped mode of deflection in the other spans of the model are seen for lateral heads of around 10 above, Fig. 19(b) . The clamped mode is in a form in which the stiffeners and attached plating deflects in an overall clamped way between the longitudinal weld lines. The stiffeners are more twisted in the higher water heads and yielding spreads in their flange regions. Table 3 Differences and similarities in the post-buckling behaviour of the analysed models under combined in-plane compression and lateral pressure. 
Severe in all spans
Severe in all spans
Moderate in all spans (continued on next page) The ultimate strength of model B þ C for any value of lateral pressure slightly drops down that of model B for the same value of lateral pressure, Figs. 17 and 19(a), Table 3 .
Summary
Figs. 20 and 21 show that neglecting the exceptional cases, the model without HAZ and model A þ C exhibit maximum and minimum values of the ultimate strength, respectively, for any value of water head. The strength of model B, model B þ C and model A fall between the strength of the other two extreme models, for any value of water head.
Model B is constructed from extruded stiffeners. The weld lines between extruded stiffeners lie longitudinally in the middle of plate panels. When lateral pressure is about 5-10 m, the plate panels and attached stiffeners in model B tend to deflect in a clamped mode, Fig. 17(b) . This is while in case of model without HAZ, still the plate and its stiffening members deflect in a simply-supported mode under such values of lateral pressure. That is why the ultimate strength of model B becomes higher than that of model without HAZ for water heads of 5-10 m, Fig. 21 . For water head of 15 m, both models deflect in a clamped mode, but overall bending of stiffened plate panels between the longitudinal weld lines in a clamped mode in addition to the clamped mode deflection of local plate panels lead to more reduction of the ultimate capacity of the model B in comparison with that of model without HAZ under 15 m water head.
Conclusions
A numerical investigation was made to study the effect of lateral pressure on the post-buckling behaviour and strength characteristics of stiffened aluminium plates subjected to in-plane compression. Different models incorporating various welding arrangements as well as stiffeners were analysed. The main conclusions in brief are:
-Under pure in-plane compression Existence and arrangement of weld lines does not have significant effect on the initial buckling strength of the models. Post-buckling behaviour and strength characteristics of the models are much influenced by both the type of stiffeners (extruded or welded up) and welding arrangements. Transverse weld lines in connection with longitudinal ones changes the collapse mode of the stiffened aluminium models to a mode in which tripping mechanisms in stiffeners as well as local accumulation of plastic deformations in plate are experienced. -Under combined in-plane compression and lateral pressure Existence and arrangement of weld lines does not have significant effect on the trends of the average stress-average strain relationships of any specific model under different values of lateral pressure. Post-buckling behaviour and strength characteristics of the models are highly dependent on the magnitude of lateral pressure, existence and arrangement of weld lines. Transverse weld lines lead to the creating folding pattern of deflection in central span of the models while yielding spreads in the stiffeners. Under small magnitudes of lateral pressure, the local plate panels and their supporting members deflect in simply-supported mode. Besides, folding patterns are also created in some cases. With increase in the magnitude of lateral pressure, the deflection mode of both plate panels and stiffening members tend to be in a clamped mode. Again folding modes are observed in some cases especially in the middle span. The model A þ C exhibits minimum value of the ultimate strength, for any value of water head. The model without HAZ or model B represents maximum ultimate strength depending on the level of lateral load.
It is believed that the explored post-buckling behaviours and strength characteristics would be very much useful for simulation of average stress-average strain relationships of multi-stiffened aluminium plates subject to combined in-plane compression and lateral pressure when assessment of ultimate strength of aluminium ships.
